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(54) CATALYST COMPOSITION 

(57) A catalyst composition for polymerization of a 
conjugated diene or copolymerization of a conjugated 
diene and an aromatic vinyl compound, which com- 
prises the following components (A) a metallocene-type 
complex of a rare earth metal compound (samarium 
complex etc.), and (B) an ionic compound composed of 
a non-coordinate anion and a cation (triphenylcarbon- 
ium tetrakis(pentafluorophenyl)borate etc.) and/or an 
aluminoxane. The catalyst composition is useful for pro- 
ducing a polymer having a high cis-1,4 configuration 
content in the microstructure and a narrow molecular 
weight distribution. 
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Description 



Technical Field 



5 [0001 ] The present invention relates to a catalyst composition for polymerization of a conjugated diene and a co- 
catalyst contained in the catalyst composition. The invention also relates to a method for preparing a conjugated diene 
polymer using the catalyst composition and a novel conjugated diene polymer obtained by the preparation method. 
[0002] The present invention further relates a catalyst composition for the copolymerization of a conjugated diene 
and an aromatic vinyl compound and a co-catalyst contained in the catalyst composition. The invention also relates to 

io a method for preparing a copolymer of a conjugated diene and an aromatic vinyl compound using the catalyst compo- 
sition and a novel copolymer obtained by the preparation method. 

Background Art 

75 [0003] Various proposals have been made so far as to polymerization catalysts for conjugated dienes, and they 
play a highly important role in industrial fields. In particular, various polymerization catalysts which give a high cis-1 ,4- 
linkage content have been studied and developed to obtain conjugated diene polymers with enhanced performance in 
thermal and mechanical properties. For example, complex catalyst systems containing a compound of a transition 
metal such as nickel, cobalt and titanium as a main component are known, and some of them have already been widely 

20 used in industrial applications as polymerization catalysts for butadiene, isoprene etc. (see, End. Ing. Chem., 48, 784, 
1956; Japanese Patent Publication No. 37-8198). 

[0004] In order to attain a higher cis-1 ,4-linkage content and superior polymerization activity, complex catalyst sys- 
tems which consist of a rare earth metal compound and an organometallic compound belonging to Group I to Group ill 
have been studied and developed, and highly stereospecific polymerization has come to be actively studied (Makromol. 

25 Chem. Suppl.4,61, 1981; J. Polym. Sci., Polym. Chem. Ed., 18,3345, 1980; German Patent Application No. 2,848,964; 
Sci. Sinica., 2/3 $ 734, 1980; Rubber Chem. TechnoL, 58, 117, 1985 etc.). Among these catalyst systems, complex cat- 
alysts containing a neodymium compound and an organoaluminum compound as main components were revealed to 
give a high cis-1 ,4-linkage content and have superior polymerization activity. The catalysts have already been used in 
industrial applications as polymerization catalysts for butadiene etc. (see Macromolecules, 15, 230, 1982; Makromol. 

30 Chem., 94, 119, 19B1). 

[0005] With the recent progress of industrial technologies, requirements for polymeric materials as commercial 
products have become increasingly higher, and development of polymeric materials which have still higher thermal 
properties (thermal stability etc.) and mechanical properties (tensile modulus, bending modulus etc.) has come to be 
strongly desired. As one of promising means for achieving the object, there have been attempts to produce a polymer 
35 of a high cis-1 ,4-configuration content in microstructure and a narrow molecular weight distribution by using a catalyst 
having a high polymerization activity for conjugated dienes. However, no method has so far been found for producing 
polymers having such characteristics. 

[0006] Further, various proposals have hitherto been made also as to catalysts for copolymerization of a conju- 
gated diene and an aromatic vinyl compound, and they play an extremely important industrial role. In particular, various 
40 copolymerization catalysts which give a high cis-1 ,4-linkage content have been studied and developed to obtain copol- 
ymers of a conjugated diene and an aromatic vinyl compound with enhanced performance in thermal and mechanical 
properties. 

[0007] For example, there are known complex catalyst systems containing a compound of transition metal such as 
nickel, cobalt and titanium (see Kogyo Kagaku Zasshi (Journal of Industrial Chemistry), 72, 2081, 1969; Plast. Kaut- 
45 sch., 40, 356, 1993; Makromol. Chem. Phys., 195, 2623, 199 etc.), complex catalyst systems containing a compound 
of rare earth metal such as neodymium and gadolinium (Macromol. Rapid Commun. 16, 563, 1992; J. Polym. Sci., 
ParA; Polym. Chem., 32, 1 195, 1 994; Polymer, 37, 349, 1996) and the like. Although these catalyst systems exhibit a 
relatively high cis-1 ,4-contro liability, polymers with a high molecular weight and narrow molecular weight distribution, 
and copolymers with randomized monomer sequence cannot be obtained by means of these catalysts. 



Disclosure of the Invention 

[0008] An object of the present invention is to provide a catalyst for the polymerization of a conjugated diene. More 
specifically, the object is to provide a catalyst for producing polymers with a high cis-1 ,4-configuration content in the 
55 microstructure and a narrow molecular weight distribution. Another object of the present invention is to provide poly- 
mers having the aforementioned characteristics, and a method for producing such polymers. 

[0009] Further object of the present invention is to provide a catalyst for copolymerization of a conjugated diene and 
an aromatic vinyl compound. More specifically, the object is to provide a catalyst for producing copolymers with high cis- 
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1,4-configu ration content in the microstructure, a high molecular weight and a narrow molecular weight distribution. 
Another object of the present invention is to provide copolymers having the aforementioned characteristics, and a 
method for producing such copolymers. 

[0010] The inventors of the present invention conducted various studies to achieve the foregoing objects. As a 
5 result, they found that a conjugated diene can be efficiently polymerized by using a catalyst composition comprising a 
rare earth metal metallocene type polymerization catalyst and a co-catalyst comprising an ionic compound composed 
of a non-coordinate anion and a cation and/or an aluminoxane in combination, and that a conjugated diene polymer 
with an extremely high cis-1,4-configuration content in the microstructure and a narrow molecular weight distribution 
can be produced by using the aforementioned catalyst composition for polymerization. 
w [0011] Moreover, the inventors of the present invention also found that a conjugated diene and an aromatic vinyl 
compound can be efficiently copoiymerized by using a catalyst composition comprising a rare earth metal metallocene- 
type polymerization catalyst and a co-catalyst containing an ionic compound composed of a non-coordinate anion and 
a cation and/or an aluminoxane in combination, and that, by using the aforementioned catalyst composition for copoly- 
merization, a copolymer with an extremely high cis-1 ,4-configuration content in the microstructure as well as a high 
15 molecular weight and a narrow molecular weight distribution, preferably a random copolymer with a randomized mon- 
omer sequence, can be produced by copolymerizing a conjugated diene and an aromatic vinyl compound. The present 
invention was achieved on the basis of these findings. 

[0012] The present invention thus provides a catalyst composition for polymerization of a conjugated diene, which 
comprises the following components: (A) a metallocene type complex of a rare earth metal compound, and (B) an ionic 

20 compound composed of a non-coordinate anion and a cation and/or an aluminoxane. According to preferred embodi- 
ments of the present invention, there are provided the aforementioned catalyst composition, wherein the metallocene 
type complex is a samarium complex; the aforementioned catalyst composition, wherein the ionic compound is triphe- 
nylcarbonium tetrakis{pentafluorophenyl)borate, triphenylcarbonium tetrakis-(tetrafluorophenyl)borate, N,N-dimethyi- 
anilinium tetrakis(pentafluorophenyl)borate or ij'-dimethylferrocenium tetrakis(pentafluorophenyl)borate; and the 

25 aforementioned catalyst composition, which further contains an organometallic compound of an element belonging to 
Group I to Group III in the periodic table. 

. [0013] According to a further aspect of the present invention, there is provided a co-catalyst for use in combination 
with a catalyst containing a metallocene type complex of a rare earth metal compound for polymerization of a conju- 
gated diene, which comprises an ionic compound composed of a non-coordinate anion and a cation and/or an alumi- 

30 noxane. According to further aspects of the present invention, there are provided a method for polymerization of a 
conjugated diene wherein the polymerization is performed in the presence of the aforementioned catalyst composition 
for polymerization and a polymer which is obtainable by polymerization of a conjugated diene in the presence of the 
aforementioned catalyst composition for polymerization. In addition, there is also provided a polymer wherein a cis-1 ,4- 
configuration content in the microstructure is 80 mol% or more, preferably 90 mol% or more, further preferably 95 mol% 

35 or more, and most preferably 98 mol% or more, and a molecular weight distribution Mw/Mn is 2.00 or less, preferably 
1.80 or less, more preferably 1 .60 or less, further preferably 1 .40 or less, and most preferably 1 .30 or less. The above 
polymer can be produced by polymerizing a conjugated diene in the presence of the aforementioned catalyst composi- 
tion for polymerization. 

[0014] According to a further aspect of the present invention, there is provided a catalyst composition for copolym- 
40 erization of a conjugated diene and an aromatic vinyl compound, which contains the following components: (A) a met- 
allocene type complex of a rare earth metal compound, and (B) an ionic compound composed of a non-coordinate 
anion and a cation and/or an aluminoxane. According to preferred embodiments of the present invention, there are pro- 
vided the aforementioned catalyst composition, wherein the metallocene type complex is a samarium complex; the 
aforementioned catalyst composition, wherein the ionic compound is triphenylcarbonium tetrakis(pentafluorophe- 
45 nyl)borate, triphenylcarbonium tetrakis-(tetrafluorophenyl)borate, N,N-dimethylanilinium tetrakis(pentafluorophe- 
nyl)borate or 1 ,1'-dimethylferrocenium tetrakis(pentafluorophenyl)borate; and the aforementioned catalyst composition, 
which further contains an organometallic compound of an element belonging to Group I to Group III in the periodic 
table. 

[0015] According to a further aspect of the present invention, there are provided a co-catalyst for use in combina- 
50 tion with a catalyst containing a metallocene type complex of a rare earth metal compound for copolym erization of a 
conjugated diene and an aromatic vinyl compound, which comprises an ionic compound composed of a non-coordinate 
anion and a cation and/or an aluminoxane. According to further aspects of the present invention, there are provided a 
method for copolymerization of a conjugated diene and an aromatic vinyl compound wherein the copolym erization is 
performed in the presence of the aforementioned catalyst composition for polymerization; and a copolymer which can 
55 be obtained by copolymerization of a conjugated diene and an aromatic vinyl compound in the presence of the afore- 
mentioned catalyst composition. 

[0016] In addition, there is also provided a copolymer wherein a cis-1 ,4-configuration content in the microstructure 
is 80 mol% or more, preferably 90 mol% or more, and most preferably 95 mol% or more; a molecular weight Mn is 
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10,000 or more, preferably 20,000 or more, further preferably 50,000 or more, and most preferably 100,000 or more, 
and a molecular weight distribution Mw/Mn is 2.50 or less, preferably 2.00 or less, more preferably 1.80 or less, and 
most preferably 1.50 or less. This copolymer can be produced by copolymerizing a conjugated diene and an aromatic 
vinyl compound in the presence of the aforementioned catalyst composition for copolymerization. 

5 

Best Mode for Carrying out the Invention 

[0017] Examples of the metallocene type complex of a rare earth metal compound include divalent ortrivalent rare 
earth metal compounds represented by the general formula (I): R a MX b • L c or the general formula (II): R a MX b QX b 

10 wherein M represents a rare earth metal; R represents cyclopentadienyl group, a substituted cyclopentadienyl group, 
indenyl group, a substituted indenyl group, fluorenyl group, or a substituted fiuorenyl group; X represents hydrogen 
atom, a halogen atom, an alkoxide group, a thiolate group, an amido group, or a hydrocarbon group having 1 to 20 car- 
bon atoms; L represents a Lewis base compound; Q represents an element belonging to Group III in the periodic table; 
a represents an integer of 1 , 2 or 3; b represents an integer of 0, 1 or 2; and c represents an integer of 0, 1 or 2. 

is [001 8] In the aforementioned general formula (I), an element selected from those of atomic numbers 57 to 71 in the 
periodic table can be used as the rare earth metal represented by M. Specific examples of the rare earth metal include 
lanthanium, cerium, praseodymium, neodymium, promethium, samarium, europium, gadolinium, terbium, dysprosium, 
holmium, erbium, thulium, ytterbium and lutetium. Among them, samarium is preferred. When the symbol "a" is 2, two 
of M R" may be the same or different from each other. Similarly, when the symbol "b" or "c" is 2, two of "X" or "L w may be 

20 the same or different from each other. 

[0019] The types, numbers, and substituting positions of one or more substituent of the substituted cyclopentadi- 
enyl group, substituted indenyl group, and substituted fluorenyl group are not particularly limited. Examples of the sub- 
stituent include, for example, methyl group, ethyl group, n-propyl group, isopropyl group, n-butyl group, isobutyl group, 
sec-butyl group, tert-butyl group, hexyl group, phenyl group and benzyl group, as well as hydrocarbon groups containing 

25 a silicon atom such as trimethylsilyl group. R may be bound to a part of X by means of a bridging group such as dimeth- 
ylsilyl group, dimethylmethylene group, methylphenylmethylene group, diphenylmethylene group, ethylene group, and 
substituted ethylene group, and two of R may be bound to each other by means of a bridging group such as dimethylsilyl 
group, dimethylmethylene group, methylphenylmethylene group, diphenylmethylene group, ethylene group, and substi- 
tuted ethylene group. 

30 [0020] Specific examples of the substituted cyclopentadienyl group include, for'example, methylcyclopentadienyl 
group, benzylcyclopentadienyl group, vinylcyclopentadienyl group, 2-methoxyethylcyclopentadienyl group, trimethylsi- 
lylcyclopentadienyl group, tert-butylcyclopentadienyl group, ethylcyclopentadienyl group, phenylcyclopentadienyl 
group, 1 ,2-dimethylcyclopentadienyl group, 1 ,3-dimethylcyclopentadienyl group, 1 ,3-di(tert-butyl)cyclopentadienyl 
group, 1,2,3-trimethylcyclopentadienyl group, 1 ,2,3,4-tetramethylcyclopentadienyl group, pentamethylcyclopentadienyl 

35 group, 1-ethyl-2,3,4,5-tetramethylcyclopentadienyl group, 1-benzyl-2,3,4,5-tetramethylcyclopentadienyl group, 1 -phe- 
nyl -2,3,4, 5-tetramethylcyclopentadienyl group, 1-trimethylsilyl-2,3,4,5-tetramethylcyclopentadienyl group, 1-trifluor- 
omethyl-2,3,4,5-tetramethylcyclopentadienyl group and the like. Specific examples of the substituted indenyl group 
include, for example, 1 ,2,3-trimethylindenyl group, heptamethylindenyl group, 1 ,2,4,5, 6,7-hexamethylindenyl group and 
the like. Pentamethylcyclopentadienyl group is preferred as R. 

40 [0021] The alkoxide group represented by X may be any of aliphatic alkoxy groups such as methoxy group, ethoxy 
group, propoxy group, n-butoxy group, isobutoxy group, sec-butoxy group and tert-butoxy group, and aryl oxide groups 
such as phenoxy group, 2,6-di-tert-butylphenoxy group, 2,6-diisopropylphenoxy group, 2,6-dineopentylphenoxy group, 
2-tert-butyl-6-isopropylphenoxy group, 2-tert-butyI-6-neopentylphenoxy group and 2-isopropyl-6-neopentylphenoxy 
group. A preferred example includes 2,6-di-tert-butylphenoxy group. 

45 [0022] The thiolate group represented by X may be any of aliphatic thiolate groups such as thiomethoxy group, 
thioethoxy group, thiopropoxy group, thio-n-butoxy group, thioisobutoxy group, thio-sec-butoxy group, thio-tert-butoxy 
group, and aryl thiolate groups such as thiophenoxy group, 2,6-di-tert-butylthiophenoxy group, 2,6-diisopropylthiophe- 
noxy group, 2,6-dineopentylthiophenoxy group, 2-tert-butyl-6-isopropylthiophenoxy group, 2-tert-butyl-6-thioneopentyl- 
phenoxy group, 2-isopropyl-6-thioneopentylphenoxy group and 2,4,6-triisopropylthiophenoxy group. A preferred 

so example includes 2,4,6-triisopropylthiophenoxy group. 

[0023] The amido group may be any of aliphatic amido groups such as dimethylamido group, diethylamide group 
and diisopropylamido group, and arylamido groups such as phenylamido group, 2,6-di-tert-butylphenylamido group, 
2,6-diisopropylphenylamido group, 2,6-dineopentylphenylamido group, 2-tert-butyl-6-isopropylphenylamido group, 2- 
tert-butyl-6-neopentylphenylamido group, 2-isopropyl-6-neopentylphenylamido group and 2,4,6-tert-butylphenyiamido 

55 group. A preferred example includes 2,4, 6-tert-butyiphenyl amido group. 

[0024] The halogen atom represented by X may be any of fluorine atom, chlorine atom, bromine atom, and iodine 
atom. Chlorine atom and iodine atom are preferred. Specific examples of the hydrocarbon group having 1 to 20 of car- 
bon atoms include, for example, linear or branched aliphatic hydrocarbon groups such as methyl group, ethyl group, n- 



4 



EP 1 086 957 A1 

propyl group, isopropyl group, n-butyl group, isobutyl group, sec-butyl group, tert-butyl group, neopentyl group, hexyl 
group and octyl group, aromatic hydrocarbon groups such as phenyl group, tolyl group and naphthyl group, and aralkyl 
groups such as benzyl group, as well as hydrocarbon groups containing a silicon atom such as trimethylsilylmethyl 
group and bistrimethylsilylmethyl group. Among them, methyl group, ethyl group, isobutyl group, trimethylsilylmethyl 
5 group and the like are preferred. As X, hydrogen atom, a halogen atom, or a hydrocarbon group having 1 to 20 carbon 
atoms is preferred. 

[0025] The Lewis base compound represented by L is not particularly limited so long as said compound can coor- 
dinate to a metal by means of an electron pair, and the compound may be an inorganic compound or an organic com- 
pound. Examples of the Lewis base compound include ether compounds, ester compounds, ketone compounds, amine 
70 compounds, phosphine compounds, silyloxy compounds and the like. However, the compounds are not limited to the 
above examples. In the general formula (II), Q represents an element belonging to Group III in the periodic table. Exam- 
pies of such an element are boron, aluminum, gallium and the like. Aluminum is preferred. 

[0026] Specific examples of the metallocene type complex of a rare earth metal compound represented by the for- 
mula (I) include, for example, bispentamethylcyclopentadienylbistetrahydrofuran samarium, methylbispentamethylcy- 
15 clopentadienyltetrahydrofuran samarium, chlorobispentamethylcyclopentadienyltetrahydrofuran samarium, 
iodobispentamethylcyclopentadienyltetrahydrofuran samarium and the like. Examples of the metallocene type complex 
of a rare earth metal compound represented by the formula (II) include, for example, dimethylaluminum(u.-dime- 
thyl)bis(pentamethylcyclopentadienyl) samarium and the like. 

[0027] The ionic compound used as a co-catalyst is not particularly limited so long as the compound is composed 

20 of a non-coordinate anion and a cation. Examples include, for example, ionic compounds that can react with the afore- 
mentioned rare earth metal compounds to generate a cationic transition metal compound. Examples of the non-coor- 
dinate anion include, for example, tetra(phenyl)borate, tetrakis(monofluorophenyl)borate, 
tetrakis(difluorophenyl)borate, tetrakis(trifluorophenyl)borate, tetrakis(trifluorophenyl)borate, tetrakis(pentafluorophe- 
nyl)borate, tetrakis(tetrafluoromethylphenyl)b orate, tetra(tolyl)borate, tetra(xylyl)b orate, (triphenylpentafluorophe- 

25 nyt)borate, [tris(pentafluorophenyl), phenyljborate, trideca hydride -7, 8- dicarbaundecab orate and the like. 

[0028] Examples of the cation include, for example, carbon cations, oxonium cations, ammonium cations, phospho- 
nium cations, cycloheptatrienyl cations, ferrocenium cations that contain a transition metal and the like. Specific exam- 
ples of the carbonium cations include trisubstituted carbonium cations such as triphenylcarbonium cation and 
trisubstituted phenylcarbonium cations. Specific examples of the trisubstituted phenylcarbonium cations include 

30 tri(methylphenyl)carbonium cation, tri(dimethylphenyl)carbonium cation and the like. Specific examples of the ammo- 
nium cations include trialkylammonium cations such as trimethylammonium cation, triethylammonium cation, tripropy- 
lammonium cation, tributylammonium cation and tri(n-butyl)ammonium cation, N,N-dialkylanilinium cations such as 
N,N-diethylanilinium cation and N,N-2,4,6-pentamethylanilinium cation, dialkylammonium cations such as di(isopro- 
pyl)ammonium cation and dicyclohexylammonium cation and the like. Specific examples of the phosphonium cations 

35 include triarylphosphonium cations such as triphenylphosphonium cation, tri(methylpheny)phosphonium cation and 
tri(dimethylphenyl)phosphonium cation. 

[0029] Preferably used ionic compounds are those consisting of components in combination each of which is arbi- 
trarily selected from the non-coordinate anion and the cation. Preferred examples of the ionic compound are, for exam- 
ple, triphenylcarbonium tetrakis(pentafluorophenyl)borate, triphenylcarbonium tetrakis(tetrafluorophenyl)borate, N,N- 

40 dimethylanilinium tetrakis(pentafluorophenyl)borate, l,1'-dimethylferrocenium tetrakis(pentafluorophenyl)borate and 
the like. The ionic compounds may be used alone, or two or more of them may be used in combination. As a Lewis acid 
that can react with a transition metal compound to generate a cationic transition metal compound, B(C 6 F 5 ) 3 , AI(C 6 F 5 ) 3 
and the like may be used, and these acids may be used in combination with the aforementioned ionic compounds. 
[0030] As the aluminoxane used as the co-catalyst, for example, those obtained by contacting an organoaluminum 

45 compound with a condensing agent can be used. More specifically, linear aluminoxanes and cyclic aluminoxanes rep- 
resented by the general formula (-AI(R')0-) n can be used. In the formula, R' is a hydrocarbon group having 1 to 10 car- 
bon atoms, and this hydrocarbon group may be substituted with a halogen atom and/or an alkoxy group. The symbol 
•n" represents degree of polymerization, and "n" is preferably 5 or more, more preferably 10 or more. Examples of R' 
include methyl group, ethyl group, propyl group, isobutyl group and the like, and methyl group is preferred. Examples of 

so the organoaluminum compound used as a raw material of the aluminoxane include, for example, trialkylaluminum such 
as trimethylaluminum, triethylaluminum and triisobutylaluminum, mixtures thereof and the like, and trimethylaluminum 
is especially preferred. Aluminoxanes produced by using a mixture of trimethylaluminum and tributylaluminium as a raw 
material can also be suitably used. The aluminoxanes may be used in combination with the ionic compounds. 
[0031 ] The catalyst composition of the present invention contains the aforementioned components (A) and (B), and 

55 may further contain an organometallic compound of an element belonging to Groups I to III in the periodic table as a 
component (C). Examples of the organometallic compound include organic aluminum compounds, organic lithium com- 
pounds, organic magnesium compounds, organic zinc compounds, organic boron compounds and the like. More spe- 
cifically, methyllithium, butyllithium, phenyllithium, benzyllithium, neopentyllithium, trimethylsilylmethyllithium, 
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bistrimethylsilylmethyllithium, dibutylmagnesium, dihexylmagnesium, diethylzinc, dimethyizinc, trimethylaluminum, tri- 
ethylaluminum, triisobutylaluminium, trihexylaluminium, trioctylaluminium, tridecylaluminium and the like may be used. 
Furthermore, organic metal halide compounds such as ethylmagnesium chloride, butylmagnesium chloride, dimethyl- 
aluminum chloride, diethylaluminum chloride, sesquiethylaluminum chloride and ethylaluminium dichloride, and hydro- 

5 genated organometallic compounds such as diethylaluminum hydride and sesquiethylaluminum hydride may be used. 
These organometallic compounds may be used alone, or two or more of them may be used in combination. 
[0032] The mixing ratio of the aforementioned components (A) and (B) in the catalyst composition of the present 
invention may be suitably selected depending on the type of a monomer used for polymerization, the type and condi- 
tions of a reaction and the like. In a composition containing a rare earth metal compound and an aluminoxane, the ratio 

w of the component (A) and the component (B) (molar ratio) is generally about 1:1 to 1:10000, preferably 1:10 to 1:1000, 
and more preferably 1:50 to 1:500. In a composition containing a rare earth metal compound and an ionic compound, 
the ratio of the component (A) and the component (B) (molar ratio) may be about 1 :0.1 to 1 : 1 0, preferably 1 :0.2 to 1 :5, 
and more preferably 1 :0.5 to 1 :2. In a composition containing the component (C), the mixing ratio of the rare earth metal 
compound and the component (C) (molar ratio) may be, for example, about 1:0.1 to 1:1000, preferably 1:0.2 to 1:500, 

15 and more preferably 1 :0.5 to 1 :50. 

[0033] The type of the conjugated diene compound as a monomer that can be polymerized by the polymerization 
method of present invention is not particularly limited. Examples of the monomer include, for example, 1 ,3-butadiene, 
isoprene, 1 ,3-pentadiene, 2-ethyl-1 ,3-butadiene, 2,3-dimethylbutadiene, 2-methylpentadiene, 4-m ethyl pentadiene, 2,4- 
hexadiene or the like. Among them, 1 ,3-butadiene is preferred. These monomer components may be used alone, or two 

20 or more of them may be used in combination. 

[0034] The type of the conjugated diene compound as a monomer that can be copoiymerized by the polymerization 
method of present invention is not particularly limited. Examples of the monomer include for example, 1 ,3-butadiene, 
isoprene, 1 ,3-pentadiene, 2-ethyl-1 ,3-butadiene, 2,3-dimethylbutadiene, 2-methylpentadiene, 4-methyIpentadiene, 2,4- 
hexadiene or the like. Among them, 1 ,3-butadiene is preferred. These monomer components may be used alone, or two 

25 or more of them may be used in combination. 

[0035] The type of the aromatic vinyl compound monomer that can be copoiymerized by the polymerization method 
of present invention is not also particularly limited, and it may be, for example, styrene, p-methylstyrene, m-methylsty- 
rene, p-tert-butylstyrene, ce-methylstyrene, chloromethylstyrene, p-tert-butoxystyrene, dimethylaminomethylstyrene, 
dimethylaminoethylstyrene, vinyltoluene or the like. Among them, styrene is preferred. These monomer components 

30 may be used alone, or two or more of them may be used in combination. 

[0036] The polymerization method of the present invention may be performed either in the presence or absence of 
a solvent. Where a solvent is used, the kind of the solvent is not particularly limited so long as the solvent is substantially 
inactive in the polymerization reaction and has sufficient solubility for the monomer and the catalyst composition. Exam- 
pies of the solvent include, for example, saturated aliphatic hydrocarbons such as butane, pentane, hexane and hep- 

35 tane; saturated cycloaliphatic hydrocarbons such as cyclopentane and cyclohexane; monoolefins such as 1 -butene and 
2-butene; aromatic hydrocarbons such as benzene and toluene; halogenated hydrocarbons such as methylene chlo- 
ride, chloroform, carbon tetrachloride, trichloroethylene, perchloroethylene, 1 ,2-dichloroethane, chlorobenzene, bro- 
mobenzene and chlorotoluene. Among them, toluene is preferred. Two or more solvents may be used in combination. 
[0037] Polymerization temperature in the polymerization method of the present invention may be, for example, in 

40 the range of from -1 00°C to 1 00°C, preferably in the range of from -50°C to 80°C. Polymerization time may be, for exam- 
ple, about 1 minute to 1 2 hours, preferably about 5 minutes to 5 hours. However, these reaction conditions may be suit- 
ably selected depending on the type of monomers and the type of the catalyst composition, and they are not limited to 
the ranges exemplified above. After the polymerization reaction reaches to a given polymerization degree, the reaction 
may be stopped by adding a known polymerization terminator to the polymerization system, and then a produced pol- 

45 ymer may be separated from the reaction system in a conventional manner. 

[0038] The content of the cis-configuration in the microstructure of the polymer obtained by the polymerization 
method for a conjugated diene of the present invention may generally be 80 mol% or more, preferably 90 mol% or more, 
more preferably 95 mol% or more, and most preferably 98 mol% or more. As for the molecular weight distribution, 
Mw/Mn may be 2.00 or less, preferably 1.80 or less, more preferably 1.60 or less, further preferably 1.40 or less, and 

so most preferably 1 .30 or less. 

[0039] The content of the cis-configuration in the microstructure of the copolymer obtained by the copolymerizatlon 
method of the present invention may generally be 80 mol% or more, preferably 90 mol% or more, and most preferably 
95 mol% or more. The molecular weight Mn may be 1 0,000 or more, preferably 20,000 or more, more preferably 50,000 
or more, and most preferably 100,000 or more, and the molecular weight distribution Mw/Mn may be 2.50 or less, pref- 

55 erably 2.00 or less, more preferably 1 .80 or less, and most preferably 1 .50 or less. The copolymer of the present inven- 
tion is a random copolymer that shows a substantially randomized monomer sequence. 

[0040] The polymers of present invention are expected to have superior thermal characteristics (thermal stability 
and the like) and mechanical properties (tensile modulus, bending modulus and the like), and therefore, they can be 



6 




EP 1 086 957 A1 

utilized for various applications as polymeric materials. 
Examples 

5 [0041] The present invention will be explained more specifically with reference to the following examples. However, 
the scope of the present invention is not limited to these examples. 

[0042] Microstructures of polybutadiene referred to in the examples were calculated from integration ratios of peaks 
observed by 1 H NMR and 13 C NMR [ 1 H NMR: 5 4.8-5.0 (=CH 2 of 1,2-vinyl unit), 5.2-5.8 (-CH= of 1,4-unit and -CH= of 
1,2-vinyl unit), 13 C NMR: 5 27.4 (1,4-cis unit), 32.7 (1,4-trans unit), 127.7-131.8 (1,4unit), 113.8-114.8 and 143.3-144.7 
w (1,2-vinyl unit)]. Styrene contents referred to in the examples were calculated from integration ratios of the peaks 
obtained by 1 H NMR [6 4.8-5.0 <=CH 2 of 1,2-vinyl unit in butadiene), 5 5.2-5.8 (-CH= of 1,4-vinyl unit and 1,2-vinyl unit 
in butadiene) and 5 6.3-7.3 (aromatic ring of styrene unit)]. The weight average molecular weights (Mw), number aver- 
age molecular weights (Mn) and molecular weight distributions (Mw/Mn) were obtained by gel permeation chromatog- 
raphy using polystyrene as a standard substance. 

75 

Example 1 

[0043] In a glove box under nitrogen atmosphere, 0.01 mmol of bispentamethylcyclopentadienylbistetrahydrofuran 
samarium [(Cp*) 2 Sm(THF) 2 ] (Cp*: pentamethylcyclopentadienyl ligand)] was put into a sufficiently dried 30-ml pressure 

20 glass bottle, and dissolved in 6 ml of toluene. Then, MM AO (toluene-soluble aluminoxane sold by TOSOH and Akzo 
Co.) was added into the bottle so that the elemental ratio of Al/Sm became 200, and the bottle was sealed with a stop- 
per. The bottle was then taken out from the glove box, and 1.5 g of 1 ,3-butadiene was put into the bottle, and then 
polymerization was carried out for 5 minutes at 50°C. After the polymerization, 10 ml of methanol containing 10 wt% 
BHT [2,6-bis(tert-butyl)-4-methylphenol] was added to the reaction system to stop the reaction. The polymer was sep- 

25 arated by using a larger amount of a mixed solvent of methanol/hydrochloric acid, and dried at 60°C in vacuo. The yield 
of the resulting polymer was 65 wt%. The cis-content in the microstructure of the polymer was 98.8 mol%. The number 
average molecular weight was 401 ,000 and Mw/Mn was 1 .82. 

Example 2 

30 

[0044] In a glove box under nitrogen atmosphere, 0.01 mmol of methylbispentamethylcyclopen- 
tadienyltetrahydrofuran samarium [(Cp*) 2 SmMe(THF)] was put into a sufficiently dried 30-ml pressure glass bottle, and 
dissolved in 6 ml of toluene. Then, MMAO was added into the bottle so that the elemental ratio Al/Sm became 200, and 
the bottle was sealed with a stopper. The bottle was then taken out from the glove box and 1.5 g of 1 ,3-butadiene was 
35 put into the bottle, and polymerization was carried out at 50°C for 1 5 minutes. After the polymerization, 1 0 ml of meth- 
anol containing 10 wt% BHT was added to the reaction system to stop the reaction. The polymer was separated by 
using a larger amount of a mixed solvent of methanol/hydrochloric acid, and dried at 60°C in vacuo. The yield of the 
resulting polymer was 86 wt%. The cis-content in the microstructure of the polymer was 98.0 mol%. The number aver- 
age molecular weight was 1 ,260,000 and Mw/Mn was 1 .82. 

40 

Example 3 

[0045] In a glove box under nitrogen atmosphere, 0.01 mmol of bispentamethylcyclopentadienylbistetrahydrofuran 
samarium [{Cp*) 2 Sm(THF) 2 ] was put into a sufficiently dried 30-ml pressure glass bottle, and dissolved in 6 ml of tolu- 

45 ene. Then, 0.1 mmol of triisobutylaluminum and 0.01 mmol of triphenyicarbonium tetrakis(pentafluorophenyl)borate 
(Ph 3 CB (C 6 F 5 ) 4 ) were added into the bottle, and the bottle was sealed with a stopper. The bottle was then taken out 
from the glove box and 1 .5 g of 1 ,3-butadiene was put into the bottle, and polymerization was carried out at 50°C for 10 
minutes. After the polymerization, 1 0 ml of methanol containing 10 wt% BHT was added to the reaction system to stop 
the reaction. The polymer was separated by using a larger amount of a mixed solvent of methanol/hydrochloric acid, 

so and dried at 60°C in vacuo. The yield of the resulting polymer was 78 wt%. The cis-content in the microstructure of the 
polymer was 95.0 mol%. The number average molecular weight was 263,000 and Mw/Mn was 1 .34. 

Example 4 

55 [0046] In a glove box under nitrogen atmosphere, 0.01 mmol of dimethylaluminum-(pi-dimethyl)bis(pentamethylcy- 
clopentadienyl) samarium [(Cp*) 2 Sm(u.-Me) 2 AIMe 2 ] was put into a sufficiently dried 30-ml pressure glass bottle, and 
dissolved in 6 ml of toluene. Then, 0.03 mmol of triisobutylaluminum and 0.01 mmol of triphenyicarbonium tetrakis(pen- 
tafluorophenyl)borate (Ph 3 CB(C 6 F 5 ) 4 ) were added into the bottle, and the bottle was sealed with a stopper. The bottle 
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was then taken out from the glove box and 1 .5 g of 1 ,3-butadiene was put into the bottle, and polymerization was carried 
out at 50°C for 5 minutes. After the polymerization, 1 0 ml of methanol containing 1 0 wt% BHT was added to the reaction 
system to stop the reaction. The polymer was separated by using a larger amount of a mixed solvent of methano l/hydro- 
chloric acid, and dried at 60 D C in vacuo. The yield of the resulting polymer was 94 wt%. The cis-content in the micro- 
5 structure of the polymer was 90.0 mol%. The number average molecular weight was 429,500 and Mw/Mn was 1 .56. 

Example 5 

[0047] In a glove box under nitrogen atmosphere, 0.03 mmol of dimethylaluminum*(u.-dimethyl)bis(pentamethylcy- 
70 clopentadienyl) samarium [(Cp*) 2 Sm(u.-Me) 2 AIMe 2 ] (Cp*: pentamethylcyclopentadienyl ligand) was put into a suffi- 
ciently dried 30-ml pressure glass bottle, and dissolved in 1ml of toluene. Then, 0.09 mmol of triisobutyialuminum and 
0.03 mmol of triphenylcarbonium tetrakis(pentafluorophenyl)borate (Ph 3 CB{C 6 F 5 )4) were added into the bottle, and the 
bottle was sealed with a stopper. The bottle was then taken out from the glove box and 0.97 g of 1 ,3-butadiene and 1 .4 
ml of styrene were put into the bottle, and polymerization was carried out at 50°C for 30 minutes. After the polymeriza- 
75 tion, 10 ml of methanol containing 10 wt% BHT [2,6-bis(tert-butyl)-4-methylphenol] was added to the reaction system 
to stop the reaction. The polymer was separated by using a larger amount of a mixed solvent of methanol/hydrochloric 
acid, and dried at 60°C in vacuo. The yield of the resulting polymer was 21 wt%. The styrene content in the polymer 
was 4.6 mol% and the cis-content in the microstructure of the butadiene units was 94.6 mol%. The number average 
molecular weight was 1 01 ,000 and Mw/Mn was 1 .41 . 

20 

Example 6 

[0048] A polymer was obtained in the same manner as in Example 5 except that 0.81 g of 1 ,3-butadiene and 1.7 
ml of styrene were used, and polymerization was carried out at 50°C for 1 hour. The yield of the resulting polymer was 
25 22 wt%. The styrene content in the polymer was 7.2 mol% and the cis-content in the microstructure of the butadiene 
units was 95.1 mol%. The number average molecular weight was 78,600 and Mw/Mn was 1 .59. 

Example 7 

30 [0049] A polymer was obtained in the same manner as in Example 5 except that 0.65 g of 1 ,3-butadiene and 2.0 
ml of styrene were used, and polymerization was carried out at 50°C for 6 hours. The yield of the resulting polymer was 
20 wt%. The styrene content in the polymer was 1 1 .4 mol% and the cis-content in the microstructure of the butadiene 
units was 91 .7 mol%. The number average molecular weight was 73,900 and Mw/Mn was 1 .69. 

35 Example 8 

[0050] A polymer was obtained in the same manner as in Example 5 except that 0.49 g of 1 ,3-butadiene and 2.4 
ml of styrene were used, and polymerization was carried out at 50°C for 12 hours. The yield of the resulting polymer 
was 23 wt%. The styrene content in the polymer was 19.1 mol% and the cis-content in the microstructure of the buta- 
40 diene units was 87.4 mol%. The number average molecular weight was 38,700 and Mw/Mn was 1 .75. 

Example 9 

[0051] A polymer was obtained in the same manner as in Example 5 except that 0.32 g of 1 ,3-butadiene and 2.8 
45 mi of styrene were used, and polymerization was carried out at 50°C for 50 hours. The yield of the resulting polymer 
was 21 wt%. The styrene content in the polymer was 33.2 mol% and the cis-content in the microstructure of the buta- 
diene units was 80.3 mol%. The number average molecular weight was 23,400 and Mw/Mn was 2.23. 
[0052] The results of Examples 5 to 9 are summarized in the following Table 1 . 
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Table 1 
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20 Industrial Availability 

[0053] By polymerizing a conjugated diene using the catalyst composition of present invention, a polymer can be 
obtained which has an extremely high content of cis-1 ,4-configuration in the microstructure and a narrow molecular 
weight distribution. Further, by using the catalyst composition of present invention, a random copolymer can be 
25 obtained using a conjugated diene and an aromatic vinyl compound which has a high content of cis-1 ,4-configuration 
in the microstructure, a high molecular weight, and a narrow molecular weight distribution. 

Claims 

30 1 . A catalyst composition for polymerization of a conjugated diene, which comprises the following components: 

(A) a metallocene-type complex of a rare earth metal compound, and 

(B) an ionic compound composed of a non-coordinate anion and a cation and/or an aluminoxane. 

35 2. The catalyst composition according to claim 1 , wherein the metallocene-type complex is a samarium complex. 

3. The catalyst composition according to claim 1 or 2, wherein the ionic compound is triphenylcarbonium tetrakis(pen- 
tafluorophenyl)borate, triphenylcarbonium tetrakis(tetrafluorophenyl)borate, N,N-dimethylanilinium tetrakis-(pen- 
tafluorophenyl)borate or 1 ,V-dimethylferrocenium tetrakis(pentafluorophenyl)borate. 

40 

4. The catalyst composition according to any one of claims 1 to 3, which further comprises an organometallic com- 
pound of an element belonging to Group I to Group III in the periodic table. 

5. A co-catalyst for use in combination with a catalyst containing a metallocene-type complex of a rare earth metal 
45 compound for polymerization of a conjugated diene, which comprises an ionic compound composed of a non-coor- 
dinate anion and a cation and/or an aluminoxane. 

6. A method for polymerization of a conjugated diene wherein the polymerization is performed in the presence of the 
catalyst composition according to any one of claims 1 to 4. 

50 

7. A polymer which is obtainable by polymerization of a conjugated diene in the presence of the catalyst composition 
according to any one of claims 1 to 4. 

8. The polymer according to claim 7 wherein a cis-1 ,4-configuration content in the microstructure is 80 mol% or more 
55 and a molecular weight distribution Mw/Mn is 2.00 or less. 

9. A conjugated diene polymer wherein a cis-1 ,4-configuration content in the microstructure is 80 mol% or more and 
a molecular weight distribution Mw/Mn is 2.00 or less. 
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10. A catalyst composition for copolymerization of a conjugated diene and an aromatic vinyl compound, which com- 
prises the following components: (A) a metallocene-type complex of a rare earth metal compound, and (B) an ionic 
compound composed of a non-coordinate anion and cation and/or an aluminoxane. 

11. The catalyst composition according to claim 10, wherein the metallocene-type complex is a samarium complex. 

12. The catalyst composition according to claim 10 or 11, wherein the ionic compound is triphenylcarbonium tet- 
rak!s(pentafluorophenyl)borate, triphenylcarbonium tetrakis(tetrafluorophenyl)borate, N.N-dimethylanilinium tet- 
rakis(pentafluorophenyl)borate or 1,1'-dimethylferrocenium tetrakis(pentafluorophenyl)borate. 

13. The catalyst composition according to any one of claims 10 to 12, which further comprises an organometallic com- 
pound of an element belonging to Group I to Group III in the periodic table. 

14. A co-catalyst for use in combination with a catalyst containing a metallocene-type complex of a rare earth metal 
compound for copolymerization of a conjugated diene and an aromatic vinyl compound, which comprises an ionic 
compound composed of a non-coordinate anion and a cation and/or an aluminoxane. 

15. A method for copolymerization of a conjugated diene and an aromatic vinyl compound wherein the copolymeriza- 
tion is performed in the presence of the catalyst composition according to any one of claims 1 0 to 13. 

16. A copolymer which is obtainable by copolymerization of a conjugated diene and an aromatic vinyl compound in the 
presence of the catalyst composition according to any one of claims 10 to 13. 

17. The copolymer according to claim 16, wherein a cis-1,4-configu ration content in the microstructure is 80 mol% or 
more and a molecular weight distribution Mw/Mn is 2.00 or less. 

18. A random copolymer of a conjugated diene and an aromatic vinyl compound, wherein a cis-1 ,4-configu ration con- 
tent in the microstructure is 80 mol% or more, a molecular weight Mn is 10,000 or more, and a molecular weight 
distribution Mw/Mn is 2.50 or less. 



10 



EP 1 086 957 A1 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JPOO/01188 



A. CLASSIFICATION OF SUBJECT MATTER 

Int. CI 7 , C08F 4/54, C08P 4/52, C08F 136/06, C08F 236/10 

According to International Patent Classification (IPC) or to both national classification and IPC 



B, FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
Int. CI 7 , C08F 4/00-4/82, C08F 36/00-36/22 



Documentation searched other than minimum documentation to the extent that such documents arc included in the fields searched 
Jitsuyo Shinan Koho 1926-1996 Jitsuyo Shi nan Toroku Koho 1996-2000 

KOkai Jitsuyo Shinan Koho 1971-2000 Toroku Jitsuyo Shinan Koho 1994-2000 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
CAS ONLINE 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


X 


Polymer Bulletin, Vol.40, No. 6 (1998) (Berlin), 
Liqiang Cui et al . , "Preliminary investigations on 
polymerization catalysts composed of lanthanocene and 
methylaluminoxane " , p729-734 


1,2, 5-11 
14-18 


X 
Y 


JP, 10-324707, A (Bayer Aktiengesellschaf t) , 
08 December, 1998 (08.12.98), 
Claims; Par. Nos. 0013, 0025 to 0033 
& EP, 878489, Al & DE, 19720171, Al 
& CA, 2237369, A 


1-9 
10-18 


X 


Chemical Abstracts, Vol.126, No. 17, (1997) , Cui Liqiang 
et al., "Study on polymerization catalysts composed of 
lanthanocene and methylaluminoxane", Abstract 
No.225597v&Hecheng Xiangjiao Gongye, Vol.20, No. 2, 
(1997), p79-82 (Ch) 


1,2,5-11 
14-18 


X 


JP, 6-4123 2, A (Idemitsu Koean Co., Ltd.), 
IS February, 1994 (15.02.94), 

Claims; Par. Nos. 0016, 0018 to 0020, (Family: none) 


1,2,4-11, 
13-18 


X 


JP, 8-245711, A (SHOWA DENKO K.K.), 


1-9 



[X] Further documents are listed in the continuation of Box C Q See patent family annex. 



• Special categories of cited document*: 

"A" document defining the general state of the art which is not 

considered to be of particular relevance 
"E* earlier document but published on or after the mtenutional filing 

date 

"L" document which may throw doubu on priori ty claim(a) or which is 
cited to establish (he publication date of another citation or other 
special reason (as specified) 

"O* document referring to an oral disclosure, use, exhibition or other 
means 

"I** document published prior to the international filing date but later 



T later document published after the international filing date or 
priority dale and not in conflict with the application but cited to 
understand the principle or theory underlying ihc invention 

"X" document of particular relevance; 1hc claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

"Y* document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such 
combination being obvious to a person skilled in the art 

"ft" document member of the same patent family 



Date of the actual completion of the international search 
10 April, 2000 (10.04.00) 


Date of mailing of the international search report 
18.04.00 


Name and mailing address of (he ISA/ 

Japanese Patent Office 

Facsimile No. 


Authorized officer 
Telephone No. 



Form PCT/ISA/210 (second sheet) (July 1992) 



11 



EP 1 086 957 A1 



INTERNATIONAL SEARCH REPORT 



Internationa] application No. 

PCT/JPOO/01188 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



PX 



24 September, 1996 (24.09.96), 

Claims; Par. Nos. 0013, 0014, (Family: none) 

JP, 6-256419, A (SHOWA DENKO K.K.), 
13 September, 1994 (13.09.94), 

Claims; Par. Nos. 0021 to 0025, (Family: none) 

Macromolecules, Vol.32, No. 26 , (1999) , 
Kaita Shojiro et al . 

"Stereospecif ic Polymerization of 1 , 3 -Butadiene with 
Samarocene -Based Catalysts", p9078-9079 

Chemical Abstracts, Vol.101, (19B4), Yu. Guangqian et . 
al, "Stereospecif ic polymerization of diolefin in the 
presence of a new type of catalytic system based on 
cyclopentadienyl dichlorides of the lanthanides" , 
Abstract No.91491d& Kexue To-ngbao (Foreign Lang. Ed.) , 
Vol.29, No. 3, (1984), p421-422 



1,2,4-9 



1-18 



1-1B 



Form PCT/ISA/210 (continuation of second sheet) (July 1992) 



12 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 



LLFADED text or drawing 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE (S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




